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ABSTRACT
Effects of d-Amphetamine on Temporal Control in a Peak-Interval Procedure in Lewis and
Fischer 344 Rats
Meagan E. Follett
The present study assessed temporal control in LEW and F344 rats using a peak-interval
procedure, in which fixed-interval (FI) trials were randomly presented with peak-interval (PI)
trials, during which the interval was extended and no reinforcement was delivered. The peak
time, or the average time at which response rates were the highest, was compared to the FI value
as a measure of temporal control across three FI/PI conditions (10/30, 30/90, 60/180 seconds).
There were no significant differences in temporal control as assessed by the PI procedure
between LEW and F344 rats across three different conditions as well as following acute
administration of d-amphetamine. On FI trials, LEW and F344 rats responded differentially
across conditions, although there was no main effect of strain. The contingencies of the PI
procedure may be so powerful that they override differential effects between these two strains,
making it an insensitive measure, although the results of the present study indicate that
sensitivity to temporal variables may be exerting some influence over differences in impulsive
choice between LEW and F344 rats.

EFFECTS OF d-AMPHETAMINE ON TEMPORAL CONTROL

iii

Table of Contents
Abstract ...........................................................................................................................................ii
Introduction .....................................................................................................................................1
Method ............................................................................................................................................5
Subjects and Apparatus .......................................................................................................5
Behavioral Testing ..............................................................................................................5
Acute Drug Administration.................................................................................................6
Data Analysis ......................................................................................................................7
Results .............................................................................................................................................8
Discussion ..................................................................................................................................... 10
References ..................................................................................................................................... 13
Figures........................................................................................................................................... 19
Figure 1 ............................................................................................................................. 19
Figure 2 ............................................................................................................................. 20
Appendix A ................................................................................................................................... 21
Appendix B ................................................................................................................................... 27

EFFECTS OF d-AMPHETAMINE ON TEMPORAL CONTROL

1

Effects of d-Amphetamine on Temporal Control in a Peak-Interval Procedure in Lewis and
Fischer 344 Rats
Impulsive choice has been correlated with disorders such as attentiondeficit/hyperactivity disorder (ADHD), pathological gambling, and substance abuse (American
Psychiatric Association, 2000; Evenden, 1999; Evenden & Ryan, 1996; Perry & Carroll, 2008).
Experimental analysis of impulsive choice often involves a choice between a smaller, more
immediate reinforcer versus a larger, more delayed reinforcer (e.g., Anderson & Woolverton,
2005; Diller et al., 2008; Logue, 1988; Mazur, 1987). Such procedures are commonly referred to
as delay-discounting procedures. When the delay to both reinforcers is short, the larger reinforcer
is usually chosen. As the delay to the larger reinforcer increases, choice switches to the smaller,
more immediate reinforcer (e.g., Mazur, 1987).
The switch from the larger to smaller reinforcer as the delay to the larger reinforcer
increases may be conceptualized as a preference reversal (Ainslie & Herrnstein, 1981). When
given a choice between a standard and varying magnitude of reinforcement, choice for the
variable key increases as the duration of reinforcement on that key increases (Neuringer, 1967).
This indicates that preference reversals can occur due not only to changes in reinforcer delay, but
also due to changes in reinforcer magnitude. Given that both delay and magnitude are
manipulated within session in a delay-discounting procedure, both sensitivity to reinforcer delay
and sensitivity to reinforcer magnitude could be possible behavioral mechanisms that may
account for differences in self-controlled choice (Madden, 2008; Pitts, 2014).
Lewis and Fischer 344 Rats and the Role of Neurochemistry
The roles of genetic and behavioral factors on impulsive choice have been examined by
comparing different rat strains. In recent years, studies have examined differences in impulsive
choice between Lewis (LEW) and Fischer 344 (F344) rats, two inbred strains of rats with known
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neurochemical differences (Burnet et al., 1996; Flores et al., 1998; Moscary & Bradberry, 1996;
Selim & Bradberry, 1996). LEW rats have fewer dopamine (DA) receptors and DA transporters
in various regions of the brain than F344 rats (Flores et al., 1998). LEW rats also have lower
levels of serotonin (5-HT) and fewer 5-HT transporters in various regions of the brain than F344
rats (Burnet et al., 1996; for a summary see Huskinson et al., 2012, Table 1). Past studies have
implicated low levels of DA and 5-HT as factors that may increase impulsive choice (Cardinal et
al., 2003; Sagvolden et al., 1998).
Although disparities in DA and 5-HT systems may underlie differences in delay
discounting, it is unclear whether the behavioral mechanism for this difference among LEW and
F344 rats involves a change in sensitivity to reinforcer magnitude or reinforcer delay. In a
within-session delay-discounting procedure, LEW rats make fewer self-controlled choices than
F344 rats (Anderson & Diller, 2010; Anderson & Woolverton, 2005; Huskinson & Anderson,
2012; Huskinson et al., 2012). In the first block of trials where the delay to both reinforcers is 0
s, all rats, regardless of strain, choose the larger reinforcer on almost every trial, suggesting that
LEW and F344 rats may not be differentially affected by the magnitude of the reinforcers,
although only one set of magnitude values (1 versus 3 food pellets) was assessed (Madden et al.,
2008). When food is delayed by 20 s in a response-acquisition procedure, more LEW than F344
rats acquire the lever-pressing response (Anderson & Elcoro, 2007). Taken together, these recent
data suggest the differences in delay discounting seen in LEW and F344 rats may be due to
differences in temporal control. To date, there have been no studies that have examined temporal
control in LEW and F344 rats.
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Evaluation of Temporal Control
Multiple procedures have been used to assess temporal control. Among these are the
differential reinforcement-of-low-rate (DRL) schedule, the temporal-bisection task, the fixedinterval (FI) schedule, and the peak-interval (PI) procedure (Catania, 1970; Roberts, 1981). In a
DRL schedule, only responses occurring greater than a specified interresponse time (IRT), or
time between two consecutive responses that exceed the schedule requirement are reinforced
(Catania, 1970; Ferster & Skinner, 1957). In a temporal-bisection task, subjects are trained to
discriminate between a short and long duration of a stimulus (tone, illumination of a key light,
etc.) by making one response following the short-duration stimulus and another following the
long-duration stimulus. Subjects are then presented with stimuli of intermediate lengths and
“short” and “long” responses are recorded (Church & Deluty, 1977; Orduña et al., 2011).
In an FI schedule, the first response after a fixed amount of time has passed is reinforced.
PI trials are probe trials in which the length of the interval is extended, and responding is not
reinforced (e.g., Orduña et al., 2008). The PI procedure allows for all of the benefits of the FI
procedure, plus the added advantage of measuring responding as the scheduled time passes the
interval value (Lejeune & Wearden, 2006; Orduña et al., 2008). On PI trials, responding tends to
increase as time to the next reinforcer decreases, but also tends to decrease as time moves past
the scheduled interval value (Kaiser, 2009; Lejeune & Wearden, 2006; Orduña et al., 2008). The
peak time, or the average time at which response rates are the highest within PI trials, can be
compared to the FI value as a measure of temporal control.
d-Amphetamine, Delay Discounting, and Temporal Control
Low levels of DA and 5-HT may contribute to higher rates of delay discounting (Cardinal
et al., 2003; Kheramin et al., 2004; Mobini et al., 2000; Zeeb et al., 2010). Thus, drugs that alter
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levels of these neurotransmitters may affect delay discounting (Anderson & Diller, 2010;
Anderson & Woolverton, 2005; Huskinson et al., 2012). Studies of stimulant drugs such as damphetamine, a drug that increases levels of DA and 5-HT (i.e., a monoamine agonist), on delay
discounting are varied. Some report increases in delay discounting after stimulant drug
administration (Charrier & Thiebot, 1996; Evenden & Ryan, 1996), while others report decreases
in delay discounting following stimulant drug administration (Wade et al., 2000; Winstanley et
al., 2003). Using a concurrent-chains choice procedure in order to separate the relative effects of
sensitivity to reinforcer delay and amount following administration of methamphetamine, results
from some subjects indicate a decrease in sensitivity to reinforcer delay, while others indicate a
decrease in sensitivity to reinforcer amount (Pitts & Febbo, 2004). It is possible that the
administration of stimulant drugs may result in changes in sensitivity to both reinforcer delay and
reinforcer amount, and that the effect obtained depends on which if these two opposing effects is
more readily expressed under the particular experimental conditions (Pitts, 2014). Increases in
self-controlled choice have been found for LEW, but not F344 rats following acute
administration of d-amphetamine (Huskinson et al., 2012). These results indicate a possible
relation between strain differences and effects of drugs, such as d-amphetamine, on impulsive
choice.
The neurotransmitters 5-HT and DA have also been implicated in temporal control
(Matell et al., 2006; Taylor et al., 2007), as multiple studies report a leftward-shift in the PI
function, or an earlier peak time, for both rats and pigeons following administration of damphetamine and other monoamine agonists (Buhusi & Meck, 2002; Frederick & Allen, 1996;
Meck, 1983; Maricq et al., 1981; Saulsgiver et al., 2006). Rightward-shifts in the PI function, or
later peak times, have been reported following administration of DA antagonists (Frederick &
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Allen, 1996). Comparisons among rats with known neurochemical differences on a PI procedure
following acute administration of d-amphetamine may help to further elucidate the role of DA
and other monoamines on temporal control.
Method
Subjects and Apparatus. Six experimentally naïve, male LEW rats and six
experimentally naïve, male F344 rats were used as subjects. All subjects were housed in a
colony room where temperature and humidity were maintained at constant levels and a reverse
12-hour dark-light cycle was in effect (lights on at 6:00 p.m.). All sessions were conducted at
approximately the same time seven days per week, during the dark phase of the dark-light cycle.
Subjects were fed approximately 12 g of rat chow one half hour after each experimental session,
resulting in approximately 22 hours food restriction before the start of each session. Standard
operant-conditioning chambers with two retractable levers (MED Associates, St. Albans, VT,
USA) that have been described elsewhere (Huskinson et al., 2012) were used.
Behavioral Testing. Following initial lever-press training, all subjects were exposed to
three PI conditions that differed with respect to FI/PI values. Each condition remained in effect
until peak time was stable, which was defined as a minimum of 10 sessions, with less than 15%
variation in peak time over the last seven sessions. The acceptable range was obtained by
calculating 15% of the mean peak time of the last seven sessions, followed by adding and
subtracting this number from the mean. If the average peak time from each of the last seven
sessions was within this range (mean + 15% to mean – 15%), data were considered stable. The
order of conditions was as follows: Condition 1 (FI 10 s, PI 30 s), Condition 2 (FI 30 s, PI 90 s),
Condition 3 (FI 60 s, PI 180 s), and Condition 2 (reversal). Each session began with a 10-min
blackout and consisted of 35 trials.
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The first five trials of each session were FI trials, followed by three blocks of 10 trials
each. Each block consisted of seven FI and three PI trials. Trials within each block were
pseduorandomly determined such that each PI trial was separated by at least one FI trial. All
trials were separated by an inter-trial interval (ITI). During the ITI, the lever remained extended,
and the houselight and cue light were turned off. The length of the ITI differed across conditions
in order to maintain a maximum of 10-12% of the session time spent in ITI. The ITI was 5, 10,
or 20 s in length, for Condition 1, 2, or 3, respectively.
During FI trials, the houselight and the cue light directly above the extended lever was lit.
The active lever was counterbalanced such that three LEW and three F344 rats responded on the
left lever, and the remaining subjects responded on the right lever. During reinforcer delivery,
the cue light above the extended lever darkened, the houselight flashed with the delivery of one
food pellet, and the ITI began. Responses made before the interval has elapsed were recorded,
but had no other programmed consequence. If a response was not made within 10 s after the FI
had elapsed, the trial was terminated, scored as an omission, and the ITI began. During PI trials,
the cue light directly above the extended lever was lit. After the PI had elapsed, the cue light and
houselight darkened, and the ITI began. No food was delivered on PI trials. Sessions ended
following the third block of trials or after a maximum session time was met (27, 47, or 80 min
for Conditions 1, 2, and 3, respectively), whichever came first.
Acute Drug Administration. After each subject had been exposed to all three conditions
and peak time was stable in the Condition 2 reversal, effects of d-amphetamine were assessed in
the Condition 2 reversal (FI 30 s, PI 90 s). Mondays and Thursdays served as control days, and
saline or d-amphetamine was administered via intraperitoneal (ip) injection on Tuesdays and
Fridays. Prior to administration of d-amphetamine, saline was administered before at least two

EFFECTS OF d-AMPHETAMINE ON TEMPORAL CONTROL

7

sessions and continued until there was no disruption in responding following the injection
procedure. d-Amphetamine sulfate salt was dissolved in a 0.9% saline solution (1.0 mg/ml) and
administered in an injection volume of 1.0 ml/kg in the following doses: 0.0 (saline), 0.1, 0.3,
1.0, and 1.8 mg/kg. All subjects received doses in an ascending order, starting with 0.1 mg/kg. A
minimum of two determinations of each dose was obtained, with more determinations if visual
inspection of the data revealed significant variability.
Data Analysis
The primary dependent measure was peak time, or the time at which maximum
responding occurred in each PI trial. Response rates were collected in 1-s bins for all trials. Peak
rate was defined as the maximum response rate, or the response rate of the 1-s bin that contained
the peak time. PI functions were generated by plotting response rate as a function of time within
each interval, averaged across the last seven sessions. The spread of the PI function was
calculated according to Cheng and Westwood (1993) by interpolating the points to the right and
left of the peak time at which the response rate was 50% of the peak rate, followed by calculating
the difference in time between these two points. For FI trials, quarter life (QL) was calculated by
examining the time taken in each interval for the first one-fourth of the total number of responses
in that interval to be emitted (Herrnstein & Morse, 1957). Latency, or the time from stimulus
onset to the first response, was also calculated for FI trials. Separate independent samples t-tests
were conducted to assess differences between LEW and F344 rats on all dependent measures.
Response rates were then normalized to bins one-tenth of the FI size (1, 3, or 6 s for
Conditions 1, 2, and 3, respectively), and a mixed analysis of variance (ANOVA) with
normalized bin (1-10) and condition (1-4) as the within-subjects factors and strain (LEW and
F344 rats) as the between-subjects factor was conducted to assess differences in response rates
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on FI trials. Mixed ANOVAs with dose of d-amphetamine (control – 1.8 mg/kg) as the withinsubjects factor and strain (LEW or F344) as the between-subjects factor were also conducted for
all dependent measures. In multiple cases, Mauchly’s test of sphericity was significant (ps < .05),
indicating that the variances of the differences between all bin combinations were unequal. To
prevent an increase in the type-I error rate, Greenhouse-Geisser corrections on degrees of
freedom were used for these variables.
Results
For all subjects, response rates increased as a function of time within the FI. During PI
trials across all FI schedule values, an initial increase in responding followed by a decrease in
response rates as time moved past the scheduled interval value was evident. These results
indicate control by the FI requirement(s) across the conditions (Fig. 1). Average data are
representative of all individual subjects (for individual subject data from baseline conditions, see
Appendix A). It should be noted that for one F344 rat (MFF-6), there was no evidence of the
typical PI response pattern after over 100 sessions in Condition 1, and this rat was excluded from
all analyses for all conditions. There were no significant differences in peak time or peak rate
between LEW and F344 rats across all conditions (ps > .05). LEW rats (M = 30.83, SD = 3.19)
had a significantly larger spread of the PI function than F344 rats (M = 25.69, SD = 3.37) in the
Condition 2 Reversal (PI 90 s), t (9) = 2.60, p < .05. Peak response rates were significantly
higher for LEW rats in the Condition 2 reversal than in Condition 2 t (5) = -2.895, p < .05,
whereas response rates for F344 rats remained relatively unchanged across Condition 2 and its
reversal.
Response rates increased over the course of the interval for both LEW and F344 rats for
all conditions, and this was confirmed by a significant main effect of bin, F (1.09, 9.83), p <
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.001, ηp2 = 0.85. A significant main effect of condition was also found, F (3, 81), p < .001, ηp2 =
0.63, indicating that for both strains, response rates increased as a function of condition, with
higher response rates in conditions with higher FI values (Conditions 1-3). These main effects
were qualified by a significant interaction between bin and condition, F (2.22, 9.83), p < .001,
ηp2 = 0.70. The main effect of strain was nonsignificant (p > .05), although LEW and F344 rats
responded at different rates depending on condition, and this was evidenced by a significant
interaction between condition and strain, F(3, 81), p < .05, ηp2 = 0,27. Interactions between bin
and strain, as well as the 3-way interaction between condition, bin, and strain were
nonsignificant (ps > .05).
d-Amphetamine produced dose-dependent decreases in average peak time, peak rate, and
spread of the PI function for both LEW and F344 rats, although there were no statistically
significant differences between the two strains on any of these measures (Fig. 2, right panel; For
individual subject data from acute administration of d-amphetamine, see Appendix B). A
significant main effect of dose was found for peak time, F(1.61, 12.88) = 24.91, p < .001, ηp2
=.76, peak rate, F(1.71, 13.68) = 16.92, p < .001, ηp2 = .68, and spread, F(2.18, 17.40) = 20.30, p
< .001, ηp2 = .72, which indicates a decrease in each dependent measure with increasing doses of
d-amphetamine (0.0 mg/kg to 1.8 mg/kg). A similar effect of dose was found for QL, such that
there were no statistically significant differences between LEW and F344 rats, but a significant
main effect of dose was found, F(1.92, 15.37) = 121.91, p < .001, ηp2 = .94.
A dose-dependent decrease in latency to the first response following d-amphetamine
administration was evident for both LEW and F344 rats, although no main effect of strain was
found. There was a significant main effect of dose, F(5, 40) = 25.89, p < .001, ηp2 = .76,
indicating that as the dose of d-amphetamine increased, latency to the first response decreased.
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This main effect was qualified by a significant interaction between strain and dose, F (5, 40) =
3.05, p < .05, ηp2 = .28. Separate independent samples t-tests were conducted to identify the
doses at which significant strain differences were present, and the p value was adjusted to
account for multiple comparisons by dividing the acceptable p in half for each additional test
conducted, resulting in an acceptable value of p < .002. On control days, LEW rats (M = 12.00,
SD = 1.94) had significantly shorter latencies to begin responding than F344 rats (M = 16.54, SD
=2.38). Following administration of 0.3 mg/kg d-amphetamine, LEW rats (M = 6.45, SD = 1.85)
also had significantly shorter latencies to begin responding than F344 rats (M = 10.83, SD =
2.55).
Discussion
There were no significant differences in peak time between LEW and F344 rats across all
conditions, and d-amphetamine did not differentially affect temporal control in these two strains
of rats. The pattern of responding during FI and PI trials for all rats indicated control by the FI
requirement across conditions, or essentially equivalent temporal control among LEW and F344
rats in the PI procedure. Response rates between LEW and F344 rats, however, did differ across
all conditions, as evidenced by an interaction between strain and condition. It is possible that
exposure to the longer FI value (60 s) may have affected responding by LEW and F344 rats in
the Condition 2 Reversal (FI 30 s), as LEW rats had significantly higher FI response rates and a
larger spread of the PI function than F344 rats in this condition. LEW rats also had significantly
higher peak response rates in the Condition 2 Reversal than in Condition 2. These results may be
conceptualized as more, yet less efficient responding for LEW rats in the Condition 2 Reversal
compared to F344 rats as well as compared to LEW responding in Condition 2. Future work
using longer FIs may further elucidate these effects.
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LEW rats also had significantly shorter latencies to begin responding on control days as
well as following administration of 0.3 mg/kg d-amphetamine. Latencies were reduced for both
strains at higher doses (1.0 and 1.8 mg/kg d-amphetamine), so it may have been beneficial to test
intermediate doses (e.g., 0.56 mg/kg d-amphetamine) as well. Decreases in the average latency to
the first response in FI trials may be conceptualized as increases in premature responding.
Similarly, d-amphetamine has been shown to increase premature and perseverative responding in
rats on a 5-choice serial reaction time task (5-CSRTT) (Paterson et al., 2011; van Gaalen et al.,
2006). A 5-CSRTT involves reinforcing responses to a lit aperture among a number of nose-poke
apertures (Robbins, 2002). In this procedure, premature responding is defined as making a
response prior to the illumination of an aperture, and perseverative responding is defined as
repeated responses following the initial response that earns the reinforcer. Increases in premature
and perseverative responding in the present procedure may be masking effects of sensitivity to
delay in LEW and F344 rats.
Restricting responding to one per trial rather than multiple responses may limit the effects
of premature and perseverative responding on temporal control. The use of a discrete-trials
temporal-control procedure such as the temporal-bisection task may further elucidate differences
in self-controlled choice between LEW and F344 rats. When a self-controlled choice is made in a
delay-discounting procedure, it is followed by a delay prior to the delivery of a food pellet (e.g.,
Huskinson et al., 2012). It is possible that LEW and F344 rats differ in their ability to
discriminate the length of these delays, which may affect choice. The use of a temporal-bisection
procedure would allow for the assessment of possible differences in the ability to accurately
discriminate the length of a stimulus (such as the delay to the reinforcer) in LEW and F344 rats.
It is also possible that LEW and F344 rats differ in sensitivity to magnitude or that there is an
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interaction between sensitivity to magnitude and delay, which was not assessed in the present
study. Future research on separating the effects of sensitivity to delay and magnitude in LEW
and F344 rats at baseline as well as following administration of d-amphetamine may help to
further elucidate the behavioral mechanism of differences between these two strains of rats in
delay-discounting procedures.
In summary, there were no significant differences in temporal control as assessed by the
PI procedure between LEW and F344 rats across three different conditions as well as following
acute administration of d-amphetamine. It is possible that the behavioral mechanism for strain
differences in a delay-discounting task between LEW and F344 rats could be sensitivity to
magnitude, yet the results of the present study indicate that temporal variables may be exerting
some influence. Examining effects of longer FIs and intermediate doses of d-amphetamine in
using the current procedure may shed more light on temporal control in LEW and F344 rats in a
PI procedure. It is also possible that the contingencies of the PI procedure are so powerful that
they override differential effects between these two strains, making it an insensitive measure.
Future research could be aimed at the use of a discrete-trials procedure such as the temporalbisection task, which may reveal differences in temporal control between the two strains, as well
as further separating effects of reinforcer magnitude and delay on choice.
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Figure 1, Normalized average response rates for LEW (filled symbols) and F344 (open symbols)
rats as a function of time within the interval. Left-hand panels represent data from FI trials; righthand panels represent data from PI trials. Rows (top to bottom) represent Conditions 1, 2, 3, and
the Condition 2 reversal (1, 3, and 6-s bins for Conditions 1-3). Error bars represent Standard
error of the mean. Note: y-axis scaling differs across conditions. Note: * = p < .05.
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Figure 2. Average dose-response functions for LEW (filled symbols) and F344 (open symbols)
rats in the Condition 2 reversal. The left panel represents FI dependent measures of QL (top) and
latency to first response (bottom) as a function of d-amphetamine dose. The right panel
represents PI dependent measures of peak time, peak rate, and spread as a function of damphetamine dose. Error bars represent standard error of the mean. Note: * = p < 0.002
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Table A1
Individual subject data for number of sessions to stability, average peak time, peak rate, spread, quarter life (QL) and latency (LAT) for LEW (n=6) and F344 (n=6) rats.
Dependent measures were averaged over the last seven sessions of Condition 1 (FI 10 s, PI 30 s), Condition 2 (FI 30 s, PI 90 s), and Condition 3 (FI 60 s, PI 180 s) for each
subject.
Pretraining
Condition 1
Condition 2
Condition 3
Peak Peak
Peak Peak
Peak Peak
Subject
Sessions
Sessions
Spread QL LAT
Sessions
Spread
QL
LAT
Sessions
Spread
QL
Time Rate
Time Rate
Time Rate
(s)
(s)
(s)
(r/s)
(s)
(s)
(s)
(r/s)
(s)
(s)
(s)
(r/s)
(s)
(s)
MFL-1
11
91
11.86 1.59
5.86
3.50 2.39
107
25.57 1.10 29.14 14.72 10.17
58
59.00 0.95 56.00 33.77
MFL-2
11
110
9.29 0.89
9.43
3.70 3.64
149
30.43 1.29 26.57 13.70 9.06
45
58.14 1.54 52.14 38.04
MFL-3
11
86
9.57 1.97
7.00
4.70 3.61
128
32.14 1.57 18.71 17.60 12.92
73
56.71 1.27 58.86 37.54
MFL-4
12
101
14.43 0.83
6.43
3.18 3.11
85
37.71 0.84 39.43
9.95
7.11
87
58.00 1.06 47.86 34.34
MFL-5
33
39
11.29 1.43
5.86
5.11 5.08
157
31.57 0.68 29.43 14.23 13.54
94
65.14 0.54 30.14 29.17
MFL-6
11
66
11.00 1.57
6.43
4.96 4.69
92
29.57 1.17 25.86 18.18 14.46
184
64.57 0.95 55.86 38.01

23.98
29.93
31.13
26.92
27.35
31.58

Mean
St. Dev

14.83
8.91

82.17
25.87

11.24
1.86

1.38
0.44

6.84
1.34

4.19
0.83

3.75
0.99

119.67
29.84

31.17
3.96

1.11
0.32

28.19
6.73

14.73
2.98

11.21
2.88

90.17
49.39

60.26
3.64

1.05
0.34

50.14
10.51

35.15
3.56

28.48
2.92

MFF-1
MFF-2
MFF-3
MFF-4
MFF-5
MFF-6

17
11
32
14
13
13

97
68
33
105
85
----

13.00
10.71
10.43
11.71
10.43
----

0.89
0.89
0.97
1.49
1.46
----

5.14
5.71
4.86
8.29
6.29
----

4.26
3.74
4.26
3.09
3.75
----

4.29
3.86
3.61
1.80
4.23
----

151
41
68
31
132
121

37.00
26.71
31.86
28.86
29.00
23.71

0.46
0.68
0.51
1.14
2.24
0.65

22.57
26.71
27.14
29.71
27.29
16.29

14.88
12.97
12.76
13.70
15.93
12.73

16.55
10.59
13.97
10.31
10.80
12.69

92
136
175
67
17
150

57.00
63.00
67.43
73.43
58.57
57.29

0.35
0.70
0.51
1.17
1.24
0.40

47.29
42.14
42.00
43.86
46.71
44.00

31.25
38.72
36.37
39.06
38.07
32.90

33.55
34.33
35.76
34.84
31.23
30.69

Mean
St. Dev

16.67
7.76

77.60
28.56

11.26
1.11

1.14
0.31

6.06
1.36

3.82
0.48

3.58
1.02

90.67
50.61

29.52
4.56

0.95
0.68

24.95
4.83

13.83
1.31

12.49
2.45

106.17
58.71

62.79
6.58

0.73
0.39

44.33
2.24

36.06
3.27

33.40
2.03

LAT
(s)
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Figure A1. Normalized average response rates for individual LEW rats as a function of time
within the interval. Left-hand panels represent data from FI trials; right-hand panels represent
data from PI trials. Rows (top to bottom) represent Conditions 1, 2, 3, and the Condition 2
reversal (1, 3, and 6-s bins for Conditions 1-3, respectively). Error bars have been removed for
ease of viewing general response patterns. Note: y-axis scaling differs across conditions.
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Figure A2. Normalized average response rates for individual F344 rats as a function of time
within the interval. Left-hand panels represent data from FI trials; right-hand panels represent
data from PI trials. Rows (top to bottom) represent Conditions 1, 2, 3, and the Condition 2
reversal (1, 3, and 6-s bins for Conditions 1-3, respectively). Error bars have been removed for
ease of viewing general response patterns. Note: y-axis scaling differs across conditions.

24

EFFECTS OF d-AMPHETAMINE ON TEMPORAL CONTROL

25

Figure A3. Average data for LEW rats in Condition 2 (white bars) and the Condition 2 Reversal
(black bars). The left panel represents FI dependent measures of QL (top) and latency to the first
response (bottom). The right panel represents PI dependent measures of peak time, peak rate, and
spread. Error bars represent standard error of the mean. Note: y-axis scaling differs across
measures.
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Figure A4. Average data for F344 rats in Condition 2 (white bars) and the Condition 2 Reversal
(black bars). The left panel represents FI dependent measures of QL (top) and latency to first
response (bottom). The right panel represents PI dependent measures of peak time, peak rate, and
spread. Error bars represent standard error of the mean. Note: y-axis scaling differs across
measures.
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Figure B1. Average dose-response functions for individual LEW rats in the Condition 2 reversal.
The left panel represents FI dependent measures of QL (top) and latency to first response
(bottom) as a function of d-amphetamine dose. The right panel represents PI dependent measures
of peak time, peak rate, and spread as a function of d-amphetamine dose. Error bars have been
removed for ease of viewing general patterns. Note: y-axis scaling differs across measures.
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Figure B2. Average dose-response functions for individual F344 rats in the Condition 2 reversal.
The left panel represents FI dependent measures of QL (top) and latency to first response
(bottom) as a function of d-amphetamine dose. The right panel represents PI dependent measures
of peak time, peak rate, and spread as a function of d-amphetamine dose. Error bars have been
removed for ease of viewing general patterns. Note: y-axis scaling differs across measures.
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Figure B3.Average response rates for individual LEW rats as a function of time within the FI
across doses of d-amphetamine. Numbers in parentheses represent the number of determinations
of each dose administered. Error bars have been removed for ease of viewing general response
patterns. Note: y-axis scaling differs across subjects.
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Figure B4.Average response rates for individual F344 rats as a function of time within the FI
across doses of d-amphetamine. Numbers in parentheses represent the number of determinations
of each dose administered. Error bars have been removed for ease of viewing general response
patterns. Note: y-axis scaling differs across subjects.
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Figure B5. Average response rates for individual LEW rats as a function of time within the PI across doses of d-amphetamine. Numbers in
parentheses represent the number of determinations of each dose administered. Error bars have been removed for ease of viewing general response
patterns. Note: y-axis scaling differs across subjects.
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Figure B6. Average response rates for individual F344 rats as a function of time within the PI across doses of d-amphetamine. Numbers in
parentheses represent the number of determinations of each dose administered. Error bars have been removed for ease of viewing general response
patterns. Note: y-axis scaling differs across subjects.

